ABSTRACT Fifty seven species representing 26 genera of Carabidae and 46 species representing 14 genera of Elateridae were trapped in ßight above a potato dominated agricultural landscape. The estimate of species richness for Carabidae and Elateridae for this habitat was increased 2.2 and 4.6 times by the use of impact traps distributed vertically at 10 different levels. Both families were captured up to 14.3 m. This conÞrms the widespread use of ßight by ground and click beetles although it seems infrequent in most species. The slope of the regression of ßight occurrence against height averaged Ϫ0.923 and Ϫ0.988 for Carabidae and Elateridae, respectively. However, speciÞc vertical ßight proÞles within the Elateridae vary considerably ranging between Ϫ1.665 and Ϫ0.092. This indicates that most species actively control their vertical ßight proÞle ßying either close to the vegetation or randomly through the air column tested. Implications for insect monitoring are discussed. The temporal distribution of ßight was similar for the two families with early peak frequency for host plant location and oviposition.
CARABIDAE AND ELATERIDAE represent an important part of the agricultural insect fauna. In New Brunswick, Canada, Ͼ26 and 10 different species of Carabidae and Elateridae, respectively, were found in potato Þelds in a survey conducted between 1979 and 1981 (Boiteau 1983b . The role of Carabidae in pest management is of interest (Stork 1990 ) as general predators (e.g., Boiteau 1986) or for inundative releases (Groden 1989) . The role of these beetles could be limited by their restricted spatial distribution in Þelds (e.g., Boiteau 1983a) . Many species of click beetle, Elateridae, are pests of economic importance in potato dominated agricultural ecosystems in North America (Ferro and Boiteau 1993) . The eastern Þeld wireworm, Limonius agonus (Say), is the most widespread species in eastern Canada and the northeastern United States (Ferro and Boiteau 1993) . Because the damage is caused mostly by the larval stage and because the larval stage is the longest lived, attention has been focused away from the adult stage. However, a greater understanding of the ßight dispersal by adults could help to better understand the spread of infestations (Boiteau et al, 1999) .
The ecology of dispersal by ßight for ground beetles is poorly known for most species (Thiele 1977 , Stork 1990 ). The carabid beetles are very polymorphic regarding ßight. Many species have lost or never had the ability to ßy and other species ßy only during a short period of their life (Thiele 1977) . Lists of species capable of ßight and their seasonal pattern of activity have been established using primarily window traps as well as other devices such as yellow water pan traps (Thiele 1977 , Boiteau 1983a . Light traps have been used with some success (Honek and Pulpan 1983, Kadar and Lovei 1987) but only in countries where night temperatures remain high enough to allow ßight. The ßight capability and relative size of the wings have been used by authors to explain the geographical distribution of carabid species now and through glaciations (Thiele 1977) . The seasonal ßight activity of Carabidae in potato Þelds has been estimated from yellow pan catches in potato Þelds (Boiteau 1983a). Information on ßight ability is mostly anecdotal (Thiele 1977) . The development of inundative release plans or the encouragement of natural populations of Carabidae for integrated pest management (IPM) programs requires a better understanding of their dispersal by ßight. In the case of Elateridae, information on ßight ecology is limited. In the spring and summer the new adult Elateridae emerge from the soil and, if adequate host plants are not present, ßy to egg-laying sites (Onsager 1976, Ferro and Boiteau 1993) . Sexpheromone baited traps have been suggested for the trapping and monitoring of adult Agriotes spp. (Kudryavtsev et al. 1993) .
The objective of this project was to extend the observations of Boiteau (1983a) on the ßight of Carabidae and to document the height of ßight use by Elateridae by determining the occurrence as well as the vertical distribution of ßight activity and its sea-sonal pattern in the potato agricultural landscape of New Brunswick.
Materials and Methods
Sampling Tower. A 15 m high tower was erected in the early spring of 1992 at the Potato Research Center (45Њ 55Ј 15Љ latitude, 66Њ 36Ј 30Љ longitude), Fredericton, New Brunswick, Canada. The tower was located in the middle of a 0.22-ha meadow area surrounded by level Þelds except for a forest at Ϸ130 m on one side. Nearby crops included potatoes, alfalfa, timothy, and clover. The tower was used to hold 40 window traps, 10 on each side. The structure was made up of 10 typical construction scaffolding units, each Ϸ1.5 by 2.4 by 1.5 m (width, length, height). The sides of the structure were oriented according to the compass. Window traps on the north and south sides of the tower were Þxed to the built-in ladder structure of the scaffolding units, in the center of each unit. Window traps on the eastern and western sides were bolted on the cross bars of the scaffolding units, in the center of each unit. The structure was kept as simple as possible to prevent modiÞcation of the wind patterns that could affect the ßight of the insects that we were attempting to catch with the device. Scouts monitoring the traps were protected by a harness and rope system Þxed from the top of the structure. Each window trap was made of a 61 by 69-cm section of plywood painted yellow and held perpendicular to the ground. A plastic gutter, capped at both ends, leaving a 61 by 61-cm section of the yellow board free for trapping, was attached on one side of the board. The gutter was Þlled with a 40% mixture of antifreeze and water (four antifreeze: six water). In 1992Ð1994, catches were removed on a daily basis, whenever possible, sorted, identiÞed to species, and recorded. Catches were sorted by morphotypes and general keys were used for preliminary identiÞcation. Representative specimens were identiÞed by Y.B. In 1995, catches were removed on a weekly basis. The traps were operated between 17 May and 26 September in 1992, and between 1 June and 4 October in 1993Ð1995.
Data Analysis. A regression analysis was applied to the average percentage of ßights over the 10 elevations sampled to determine the ßight gradient for each family and some species. An analysis of variance and an least signiÞcant difference (LSD) mean separation test were applied to the average weekly catches over the four years of the project for Carabidae and for 1994 Ð1995 for the Elateridae. An arcsine transformation was applied to percentage data but reconverted values are presented. Vertical proÞles were contrasted using the Student t-test.
Results

Vertical Flight Distribution
Carabidae. A total of 57 species representing 26 genera of Carabidae was trapped in ßight over a period of 4 yr ( Table 1) . There were 36, 22, 28, and 32 species of Carabidae captured in 1992 Carabidae captured in , 1993 Carabidae captured in , 1994 Carabidae captured in , and 1995 , with 27Ð34% caught only in one year and 17Ð27% caught every year. Catches of these ground beetles were not limited to the traps located at the base of the tower but extended all the way to the last traps (14.3 m). There is no doubt that ßights for many species extended beyond the sampling tower. The average number of Carabidae caught per trap was negatively affected by height (r 2 ϭ 0.823; slope Ϫ0.9230) ( Table 2 ). The slope ranged between Ϫ0.6415 and Ϫ0.9203 over the 4-yr period but at least 50% of the catch occurred at or below 2.3 m regardless of the year (Table 2) . No single species or genus was trapped in sufÞcient numbers to establish speciÞc vertical distribution proÞles.
The Þrst trapping height captured 45 and 50% of the species and genera respectively. Each one of the nine subsequent trapping levels captured 2Ð13 and 4 Ð19% of new species and genera, respectively.
Elateridae. A total of 46 species and 14 genera of Elateridae was trapped in ßight over a period of 2 yr (Table 3 ). There were 35 and 36 species of Elateridae captured in 1994 and 1995, respectively, with 29 Ð31% caught only in one year and 69 Ð71% caught every year. These click beetles were captured as high as 14.3 m. Only one species of economic importance on potato, Agriotes mancus (Say), (Ferro and Boiteau 1993) was captured in ßight. The regression of the average number of Elateridae captured per trap against height was highly correlated (r 2 ϭ 0.7762) and presented a negative slope (Ϫ0.9886) ( Table 2 ). The slope of the vertical proÞle was similar in each year of the 2-yr sampling period and at least 50% of the yearly catch occurred at 3.8 m or less each year (Table 2) . Eight species were captured in sufÞcient numbers to establish speciÞc vertical distribution proÞles (Fig 1;  Table 4 ).
At the Þrst trapping level, 54 and 79% of the species and genera respectively were captured. Each one of the subsequent higher level trapped 0 Ð15 and 0 Ð14% of new species and genera, respectively (Table 3) .
There was no signiÞcant difference between the vertical ßight proÞle of the Carabidae and Elateridae (t ϭ 0.10, df ϭ 16, P Ͼ 0.05).
Temporal Distribution
Carabidae. Average ßight activity per year varied signiÞcantly (F ϭ 2.30; df ϭ 3, 19; P ϭ 0.0077) with the greatest frequency of beetles ßying in the middle of June (Julian date 166) but continuing until the end of the season (Table 5) .
Elateridae. Average ßight activity per year varied signiÞcantly (F ϭ 3.29; df ϭ 1, 17; P ϭ 0.0081) with the greatest frequency of beetles also ßying in the middle of June (Julian date 166) ( Table 4 ). The seasonal ßight pattern was similar for three of the four most abundant species with a peak of ßight activity in mid-June. Melanotus similis Kirby became a frequent ßyer in mid-June but reached peak activity only in mid-to late July (Table 5) .
Discussion
A general analysis of the numbers of ground beetles and click beetles captured at different heights provided a similar regression proÞle for the two families with slopes of Ϫ0.923 and Ϫ0.988, respectively. This suggests a priori that these beetles disperse without control over the height of ßight like randomly dispersing small objects with an expected negative slope of Ϫ1 (Taylor 1974) . In fact, these slopes close to Ϫ1 result from the combination of the wide range of vertical proÞles used by the insect species making up each family. In the Carabidae this is demonstrated by the relatively wide range of slopes observed from year to year. In the case of the Elateridae this is demonstrated by the range of vertical proÞles observed at the species level. For example, Melanotus similis actively Fig. 1 ), whereas some like Agriotes limosus (LeConte) or Sericus incongruus (LeConte) have the same probability of ßying low or high above the vegetation (weak slopes) ( Fig. 1 ; Table 4 ). Obviously, the species of Elateridae and Carabidae occupy a wide range of habitats for which different vertical ßight proÞles are better suited. The use of impact traps mounted on a tower in this study provided an estimate of Carabid biodiversity at the landscape level (Irwin et al. 2000) in a New Brunswick potato farming operation. This estimate more than doubles the one previously established using ground level sampling methods (Boiteau 1983a (Boiteau , 1983b to measure the biodiversity at the potato agroecosystem level. The yellow pans used in 1979 Ð1982 probably captured mostly local species, whereas the vertical transect of impact traps is likely to have captured both local and allochthonous species (van Huizen 1990) . Van Huizen (1990) deÞned local species as those beetles captured near the ground such as in pitfall traps. Boiteau (1983a) reported nine genera in pitfall traps placed in a pesticide free potato Þeld. Of these genera, two (Carabus and Clivina) were not found in ßight in this study, Chlaenius was found only from 3.8 m upward and Pterostichus from 8.3 m upward. The remaining Þve genera were found as low as 0.8 m, suggesting that they belong to the local fauna. In the provincial survey (Boiteau 1983b), 18 genera were recorded. Eight of these were found in the tower traps at 0.8 m, four were not found in ßight, and six were found only at higher altitudes. Dyschirius sp., Elaphrus sp., Lebia sp., and Notiophilus sp. had not been found in pitfall traps, suggesting that they are allochthonous species These are part of the interchange of insects between the potato crop and its surroundings. Some species will only ßy through this space but others will occasionally use the crop as a temporary feeding or resting site, depending on environmental cues or the abundance of prey for example. They can be an important extension of the insect biodiversity associated with the crop. Recent studies (Ekbom et al. 2000) suggest that the development of sustainable IPM strategies will require a consideration of the diversity and the movement patterns of all insects between wild ecosystems and agroecosystems. Results indicate that ßight occurs for many species of Carabidae and Elateridae but at low frequency for most. Honek and Pulpan (1983) using light traps captured huge numbers of carabids in ßight but interestingly enough only Ϸ62 different species, which is not all that different from the 57 species from this more restricted study.
Acupalpus pauperculus
The seasonal ßight pattern for Carabidae reported here is remarkably similar to that observed in 1979 Ð 1981 (Boiteau 1983a . It conÞrms the suggestion (Boiteau 1983a) that Þeld colonization by Carabidae uses ßight at least in part and that some height of ßight activity is maintained throughout the crop season by many species. The low abundance of ground beetles in ßight trapped in the potato survey (Boiteau 1983a) and in this general survey suggests that ßight is uncommon with most species and limited to colonization or recolonization of suitable habitats followed by walking for trivial dispersal. Minimum critical conditions for ßight have been described by van Huizen (1990) as temperatures above 17ЊC, rainfall Ͻ0.1 mm per day and wind velocity of Ͻ4 m/s. According to these criteria the number of potential ßight days are actually greater in midsummer than in early summer when ßight activity peaked. Van Huizen (1979) shows clearly that regardless of these parameters, other factors such as the development of the ßight muscles or the size of the wings will further limit the period during which beetles are actually ßying. As a result, beetles spend only a short period of their active life in ßight. Van Huizen further reports that the Carabidae captured in his extensive studies belong approximately evenly to one of the three seasonal ßight patterns: spring breeders with early season peak ßight activity, late summer or autumn breeders with late season peak ßight activity, and Þnally species with two peaks of ßight activity. The observations reported in New Brunswick are of the Þrst type although the presence of ßight activity in autumn cannot be ruled out entirely because sampling did not extend past September. The cool temperatures of autumn in New Brunswick do suggest that autumn peak ßight activity will be rather rare. Therefore, other ecological or physiological factors determine ßight propensity in Carabidae. However, one must be careful not to conclude too hastily. Yellow pans and impact traps on a sampling tower may not be efÞcient trapping systems for night ßyers. Our observations may represent the occasional diurnal ßight dispersal. The seasonal distribution of ßight catches for Elateridae is shorter than that for Carabidae with a peak early in the summer. This is in agreement with the existence of ovipositional and host plant searching ßights as new adults emerge from the soil in the spring. The only exception was observed with Melanotus similis Kirby, which went through Ͼ1 mo of high ßight activity. Obviously, different species of Elateridae have different propensities for ßight. According to the literature, the wheat wireworm, Agriotes mancus (Say), a pest of the potato crop, ßies much less frequently (Rawlins 1940 ) than the southern potato wireworm, Conoderus falli (Lane) (Onsager 1976) . It is not clear if the differences result from behavioral adaptations or from temperatures or relative humidity requirements (Onsager 1976) . Only nine specimens of Agriotes mancus were captured throughout this study. The low catch may be a conÞrmation of the relatively low ßight frequency for this species reported by Rawlins (1940) or a reßection of its low population abundance in the study area.
Flight traps located at a given height can provide an effective assessment of the relative abundance of Carabidae and Elateridae present in the ecosystem. However, the relative abundance of the different species in ßight will be biased unless trap catches are corrected for each speciÞc vertical proÞle. This is especially important to consider in establishing biodiversity indices.
